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OBJECTIVE: To assess interrater reliability of the New York Heart
Association/World Health Organization functional classification as
applied by clinicians (defined as both physicians and nurses in this
article) to patients with pulmonary arterial hypertension (PAH).

PATIENTS AND METHODS: Between March 16 and August 31,
2007, a survey that described 10 hypothetical patients was com-
pleted by physicians and nurses attending a conference on PAH.
Results were subsequently validated with physicians and nurses
who were contacted online through the Pulmonary Hypertension
Association. Respondents were asked to assign each patient’s
functional class as they would normally in clinical practice.

RESULTS: The functional class evaluations were completed by
113 clinicians, 87 (77%) of whom had participated in PAH trials;
106 (94%) reported using functional class when determining
therapy. Clinicians reported a broad range of factors they consid-
ered when evaluating functional class, and their assessments of
functional class varied widely. The intraclass correlation coeffi-
cient was 0.58 for the initial patient survey and 0.62 for the online
survey. At best, one patient was ranked as either class II (by 60
clinicians [53%]) or class III (by 53 [47%]). Clinicians’ rankings
spanned at least 3 functional classes for each of the other
patients. Equally divergent rankings were observed among nurses
and physicians. Cluster analysis identified clinicians’ tendencies
toward “higher” or “lower” functional class rankings. Of the 113
clinicians, 101 (89%) thought that the patients described re-
sembled those seen in their practices.

CONCLUSION: Despite the wide use of the New York Heart Asso-
ciation/World Health Organization functional class in clinical care
and as a research tool, interrater agreement may be inadequate.
Efforts to promote a uniform approach to evaluating functional
class might help to standardize PAH care and research.
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ICC = intraclass correlation coefficient; NYHA = New York Heart Asso-
ciation; PAH = pulmonary arterial hypertension; REVEAL = Registry to
Evaluate Early and Long-Term PAH Disease Management; WHO = World
Health Organization
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Amodified New York Heart Association (NYHA)
functional classification system was adopted by the

World Health Organization (WHO) in 1998 to facilitate
evaluation of patients with pulmonary arterial hypertension
(PAH).1 Since then, the NYHA/WHO functional class has
been used not only for routine evaluation of a patient’s
status when providing clinical care but also as an enroll-
ment criterion and end point in clinical trials of therapy for
PAH. Indications approved by the US Food and Drug
Association for the labeling of PAH-specific therapies

stipulate specific NYHA/WHO functional classes.2 Con-
sensus guidelines of major clinical societies include the
NYHA/WHO functional class in evaluation of patients and
recommend therapies on the basis of a patient’s functional
class.3-5 Accordingly, access to some therapies is restricted
by insurance payers in part by the NYHA/WHO functional
class assigned to the patient.

The NYHA functional classification system was origi-
nally adopted in 1928 as a means of assessing the effect of
cardiac disease on patients seen in clinical practice.6 Its use
has expanded from an aid for clinical assessment and diag-
nosis as originally proposed to its wide adoption as a re-
search tool in studies of ischemic and other left-sided heart
disorders.7 Assessment of interrater reliability (the degree
to which individual clinicians will independently assign the
same functional class to patients) of the NYHA functional
classification has been limited in these disease states7,8 and
nonexistent for the application of the modified NYHA/
WHO functional classification of patients with PAH.
Given the use of functional class not only in describing the
participants enrolled in clinical trials and their response to
investigational agents but also in guiding application of
these results to the care of individual patients, we per-
formed an initial evaluation of the agreement among clini-
cians in assessing functional class in patients with PAH.
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PATIENTS AND METHODS

CLINICIANS’ EVALUATIONS OF NYHA/WHO FUNCTIONAL CLASS

We evaluated agreement between clinicians in their assess-
ment of NYHA/WHO functional class by presenting infor-
mation about 10 hypothetical patients with PAH (eAppendix
online linked to this article). The patients described were
selected to represent a range of PAH severity. Because the
goal was to assess whether clinicians approached functional
class in the same manner, no “gold standard”  or “correct”
method of determining functional class was assumed; a “cor-
rect” functional class ranking for the patients was not pro-
vided. The presence or absence of symptoms with activities
of daily living, time since diagnosis, hemodynamic values,
6-minute walk distance, PAH-specific medications used,
and the patient’s occupation were included in varying
combinations. Four physicians and a nurse practitioner
with expertise in evaluation and treatment of PAH were
individually asked to review the patients presented to
ensure they were similar to those seen in daily practice
and that all 4 NYHA/WHO functional classes were repre-
sented according to each of these clinician’s approaches
to assessment (which were not specified). Two of the
physicians and the nurse practitioner were involved in
PAH-related research, one physician in an academic but
non-PAH research practice and one physician in a spe-
cialized referral private practice. No attempt was made to
assess agreement in functional class rankings among
these practitioners.

Between March 16 and August 31, 2007, these descrip-
tions of 10 patients were presented to physicians and nurses
who provide care to patients with PAH. Clinicians were
instructed to read each of the patient descriptions and then
“assign a NYHA/WHO class as you would in your own
practice.” Accordingly, no guide was provided as to how
judgments might be made, nor was a definition of NYHA/
WHO functional class provided. Clinicians were told that
“there are no intended correct answers” and that the goal was
to “simply see if caregivers come to the same conclusions.”
Respondents were asked to refrain from discussing the ques-
tions with others. Participants were assured that all responses
would be kept anonymous, with no means by which study
personnel could link answers to respondents’ identities. Par-
ticipants were offered entry into a raffle for a free registration
at the 2008 international meeting of the Pulmonary Hyper-
tension Association (Silver Spring, MD). Raffle entries were
separated from responses to the patient descriptions.

An initial evaluation was performed using paper forms
distributed to participants at an investigators’ meeting for the
Registry to Evaluate Early and Long-Term PAH Disease
Management (REVEAL) on March 16, 2007. REVEAL is a
multicenter patient cohort study sponsored by Actelion

Pharmaceuticals.9 No direct industry sponsorship was ob-
tained for the current study, which was not part of the
REVEAL study protocol. To validate the findings, a second
evaluation was performed in which all physician and nurse
members of the Pulmonary Hypertension Clinicians and
Researchers section of the Pulmonary Hypertension Asso-
ciation were contacted by e-mail and invited to complete the
study online. Participants accessed the patient descriptions
and entered their judgments of NYHA/WHO class via an
internet link at a site maintained by SurveyMonkey, Inc
(www.SurveyMonkey.com). Access to the evaluation was
available for 1 month (August 2007).

After patient descriptions, information was collected on
respondents’ occupation, practice, types of patients and
medications managed, and factors considered when evalu-
ating NYHA/WHO functional class. Only respondents
who indicated active involvement in the clinical care of
patients with PAH were included in the analysis. For the
online investigation, respondents were asked if they had
participated in the initial (paper) evaluation, and those who
had were excluded from this second analysis.

To specifically evaluate whether the 6-minute walk dis-
tance influenced clinicians’ assessments of functional
class, a pair of patient case scenarios was presented with
different walk distances (300 vs 390 m) but otherwise
equivalent variables (age 43 vs 44 years; both with sclero-
derma-associated PAH treated with “a single oral agent for
PAH,” both using “supplemental oxygen” and reporting
“dyspnea carrying groceries” but denying “light-headedness
or peripheral edema”) (patients No. 2 and 7, eAppendix
online linked to this article). Despite imperfections in this
test’s performance as a predictor of patient outcomes, the
6-minute walk distance was assessed specifically because
of its primacy as an end point in PAH clinical trials.10,11

STATISTICAL ANALYSES

Data were entered into Access 5.1 (Microsoft, Redmond,
WA), and analysis was performed using SAS 9.1 (SAS,
Cary, NC). Agreement between clinician raters regarding
the patients’ NYHA/WHO functional classes was ex-
pressed as intraclass correlation coefficients (ICCs) based on
a 2-way random-effects model analysis of variance which
included both patients and clinician raters. Variance be-
tween patients (reflecting differences in disease impact)
was partitioned from the variance within patients (ie, varia-
tion in the ratings assigned to any one patient by multiple
clinician raters). Despite significant differences in disabil-
ity between patients, strong “agreement” among the nurse
and physician raters would be reflected in a low variance
within patients. Perfect agreement between the clinician
raters regarding the patients’ functional classes would
correspond to 0 variance within patients, resulting in an
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ICC of 1.12 The agreement in ratings for the 2 patients
differing only in 6-minute walk distance was assessed
with a κ coefficient, quantifying the agreement between 2
ratings over the raters, beyond chance.13 The use of 10
patients and at least 99 total clinician raters provided 80%
power to distinguish between moderate and substantial
agreement.14

To evaluate whether groups of raters who judge func-
tional class in similar fashions could be identified, and if
those who differed did so in a systematic manner, non-
hierarchical clustering was performed using the FASTCLUS
procedure in SAS.15 A “distance” representing the dissimi-
larity between each pair of raters was determined on the
basis of their NYHA/WHO rankings of 10 patients. The 2
raters with the smallest distance or dissimilarity were ini-
tially joined to form a group (or “cluster”), and subse-
quently groups of raters were systematically combined.16

Cluster size was determined by the rule that each must
contain at least 10% of the sample to maximize the differen-
tiation of groups while retaining sufficient cluster size to
permit a statistically meaningful analysis.17 A potential asso-

ciation between occupation (physician or nurse) and group/
cluster membership was assessed by χ2. Differences in the
paper and online groups in the variables they reported using
when they considered functional class were assessed with
the Fisher exact test for contingency tables.

This study was approved by the University of Pennsyl-
vania Institutional Review Board.

RESULTS

CLINICIAN PARTICIPANTS

A total of 113 clinicians participated in the 2 evaluations
(Table 1). The initial paper administration involved 28
physicians and 16 nurses; 40 physicians and 29 nurses
completed the online version. An additional 6 physicians
who completed the online evaluation indicated that they
had also participated in the initial paper version and thus
were excluded from the second analysis. All participants
indicated that they were actively involved in the clinical
care of patients with PAH. In the initial evaluation, all
participants practiced in the United States, as did 63
(91%) in the online sample; 3 of the online respondents
practiced in Canada and 1 each in Argentina, China,
Mexico, and the Netherlands. Of the participants in the 2
evaluations, 111 (98%) practiced at academic medical cen-
ters, and 88 (78%) indicated they had enrolled patients into
clinical trials or studies of PAH. Moreover, 101 (89%) of the
physicians and nurses believed that the patients described
in the study resembled those they might see in their own
practices.

Of the 113 participants, 108 (96%) indicated that they
use the NYHA/WHO functional classification as part of
their evaluation when selecting therapy for their patients.
Factors they considered when formulating functional class
assessments are listed in Table 2.

AGREEMENT IN NYHA/WHO FUNCTIONAL CLASS ASSIGNMENTS

The NYHA/WHO functional class assessments varied,
with a wide range observed in the rankings assigned to

TABLE 1. Clinicians Participating in Study of Assessment of
NYHA/WHO Functional Class in Patients With PAH

Paper Online

No. of participants 44 69
Physicians 28 (64) 40 (58)
Nurses/nurse practitioners 16 (36) 29 (42)

Specialty
Pulmonary 29 (66) 43 (62)
Cardiology 15 (34) 23 (33)
Not listed   0   3 (4)

No. of years treating patients with PAH
0 to <1   0   0
1 to < 3   4 (9) 13 (19)
3 to <5   7 (16) 13 (19)
5 to <10   5 (11) 20 (29)
>10 28 (64) 20 (29)
Not listed   0   3 (4)

Estimated No. of new patients with PAH
evaluated annually

<10   3 (7) 10 (15)
10 to 20   6 (14) 19 (28)
21 to 50 12 (27) 23 (33)
≥50 23 (52) 15 (22)
Not listed   0   2 (3)

PAH treatment prescribed or managed
Calcium channel blockers 39 (89) 59 (86)
Bosentan 41 (93) 65 (94)
Ambrisentan 17 (39) 41 (59)
Sitaxentan 19 (43)   0 (0)
Sildenafil 40 (91) 66 (96)
Tedalafil 18 (41)   0 (0)
Inhaled iloprost 37 (84) 58 (84)
IV treprostinil 34 (77) 44 (64)
Subcutaneous treprostinil 30 (68) 48 (70)
IV epoprostenol 39 (89) 57 (83)

Data are number (percentage). IV = intravenous; NYHA = New York
Heart Association; PAH = pulmonary arterial hypertension; WHO =
World Health Organization.

TABLE 2. Factors Clinicians Considered When Formulating
Functional Class Assessments

Paper Online  P value

Symptoms 41 (93) 68 (99) .13
Medication used 10 (23) 17 (25) >.99
Hemodynamic values 11 (25)   0 <.001
Physical examination 24 (55) 31 (45) .34
6-minute walk distance 18 (41) 41 (59) .08
Echocardiographic findings   8 (18)   0 <.001
Patient’s lifestyle 33 (75) 46 (67) .40
Patient’s occupation 23 (52) 31 (45) .56
Insurance requirements   9 (20)   0 .01

Data are number (percentage).
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individual patients by both physicians and nurses. Results
of the initial paper and subsequent online evaluations were
similar, with consistent disagreement between the clinician
raters occurring at each administration.  Nearly identical
distributions were seen in the functional class assignments
made by each of the physician and nursing groups participat-
ing in the paper and online assessments (Figure 1). Each of
the 10 patient case scenarios was assigned to at least 2
functional classes. At best, an individual patient was judged
as being in either of 2 functional classes by the initial paper
group of raters (eg, functional class II or class III by 15
[34%] and 29 [66%], respectively; patient No. 2, eAppendix
online linked to this article). In the online evaluation group,
this same patient was ranked as either class II or class III by
44 (64%) and 25 (36%), respectively. For the clinicians as a
group, this patient was ranked as either class II (by 60
clinicians [53%]) or class III (by 53 [47%]). More com-
monly, discrepancies between clinician evaluations resulted
in each patient being ranked in any of 3 functional classes. At
worst, a single patient was judged as class I, II, III, and IV by
4 (9%), 16 (36%), 10 (23%) and 14 (32%), respectively, of
clinicians in the initial group and by 7 (10%), 28 (40%), 19
(28%) and 15 (22%) of the online group (patient No. 6,

eAppendix online linked to this article). The dominant func-
tional class assignment of the raters for each patient and the
percentage of exact matches and those within 1 functional
class are shown in Table 3.

Intraclass correlation coefficients for agreement among
the physicians and nurse raters in each evaluation group are
shown in Table 4. Similarly poor to modest agreement was
seen in the original paper survey and subsequent online
physician and nursing groups. Overall, ICCs were slightly
higher among physicians than nurses.
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FIGURE 1. Individual physician and nurse’s ranking of New York Heart Association/World Health Organization functional class for each of 10
patient case scenarios. Physician and nurses’ ranking on the initial paper evaluation are shown at the top and from the subsequent online
groups of clinicians on the bottom. No significant difference was seen in the distribution of functional class assignments made by each of the
physician and nursing groups participating in the paper and online assessments (χ2 [9] = 10.83; P=.29 for physicians; χ2 [9] = 8.39; P=.50 for
nurses as assessed through a generalized estimating equations approach accounting for the multiple ratings per clinician).

TABLE 3. Observed Agreement Among Clinicians

Dominant
Patient functional class Exact functional Within 1 functional

No. response (%) class match, % class, %

1    I (90.2) 80.5 96.6
2  II (52.2) 49.7 100
3  II (57.5) 47.2 95.1
4 IV (71.7) 58.5 98.7
5  II (51.3) 45.5 95.7
6  II (38.4) 28.0 68.4
7  II (63.7) 52.7 99.4
8  II (83.9) 70.2 97.0
9  II (49.4) 35.7 84.7
10   I (80.9) 64.4 90.2
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CLUSTER ANALYSIS

To assess whether clinicians tend to differ from each other
in a consistent manner regarding functional class assess-
ments, a nonhierarchical cluster analysis was performed.
Two groups of clinicians were identified on the basis of
their overall differences in patient rankings (Figure 2).
Members of one group routinely assigned higher functional
class rankings to each patient than did members of the other.
This difference was not explained by occupation because the
distribution of nurses and physicians was nearly identical in
the 2 groups (χ2 [1] = .02; P=.09 for an association between
group membership and occupation). Physicians accounted
for 60% (46) and 61% (22) of the clinicians in groups 1 and
2, respectively; nurses, 40% (31) and 39% (14). Approxi-
mately two-thirds of the clinicians were in the group that
consistently ranked patients into numerically higher func-
tional classes.

EFFECT OF 6-MINUTE WALK DISTANCE ON FUNCTIONAL CLASS

ASSESSMENTS

To assess the potential influence of the 6-minute walk
distance on clinicians’ assessments of NYHA/WHO func-

tional class, a pair of patient case scenarios differing only in
the 6-minute walk distance (300 and 390 m) with otherwise
equivalent variables was presented. Of the 113 clinicians,
83 (73%) assigned the same functional class to the 2 pa-
tients (κ for concordance of evaluations, 0.49; 95% confi-
dence interval, 0.35-0.73; P=.005); 20 (18%) of the clini-
cians assigned a higher (worse) functional class to the
patient with the lower 6-minute walk distance, each involv-
ing a difference of a single class (from class I to II or from
class II to III); and 10 (9%) of the clinicians assigned a
lower (better) functional class to the patient case scenarios
with the lower 6-minute walk distance.

DISCUSSION

We found a wide variation in the NYHA/WHO functional
class assessments made by clinicians who care for and
conduct clinical research in patients with PAH. The find-
ings were consistent in 2 independent groups of clinicians
assessed with paper and online presentations of patients
with PAH. Agreement on a single functional class was not
seen for any patient, and in most cases judgments spanned
2 or 3 classes. Consistent with the discrepant conclusions
reached was the reported wide variation in factors consid-
ered when assessing functional class. Although some clini-
cians use only patient symptoms to judge functional class,
others use varying combinations of symptoms, demograph-
ics, exercise, and hemodynamic variables. Indeed, many
report using multiple factors not mentioned in the originally
defined NYHA or WHO functional class definitions.1,6 Other
potential reasons for the variation in approach might include
differences in physician training; inappropriate assumptions
regarding the relationships among hemodynamics, exercise
capacity and functional class; and a perceived need to
“adjust” assignments to meet restrictions in the availability
of treatments.

Because PAH results in both substantial morbidity and
mortality, the success of new therapies has been assessed
not only by survival but also by measures of cardiovascular
impairment (eg, hemodynamics), as well as by measures of
both functional capacity and functional status.18 Functional
capacity represents a patient’s potential for physical ac-
tivity, frequently measured by maximal aerobic capacity
or 6-minute walk distance. However, patients do not neces-

TABLE 4. Intraclass Correlation Coefficients for Each Group of Participants

Correlation coefficients (95% CIs)

Paper Online Combined

Physicians 0.611 (0.407-0.841) 0.681 (0.495-0.879) 0.649 (0.459-0.860)
Nurses 0.550 (0.354-0.806) 0.602 (0.404-0.838) 0.582 (0.389-0.825)
Both physicians and nurses 0.577 (0.377-0.829) 0.645 (0.457-0.859) 0.616 (0.427-0.843)

CI = confidence interval.

FIGURE 2. Cluster analysis identified 2 groups of clinicians accord-
ing to their tendency to rank patients with higher or lower New York
Heart Association/World Health Organization functional class com-
pared with other clinicians. Of the 113 clinicians, 77 (68%) consis-
tently ranked patients in higher functional classes (open circles),
and 36 (32%) consistently assigned lower functional classes
(closed circles). Independent analyses of the physicians and nurses
participating in each of the paper and online groups resulted in an
equivalent group pairing (data not shown).
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sarily make use of their full capacity in daily life. Func-
tional performance embodies the physical and emotional
realm of activity in which a patient lives day to day and
may be assessed by measures such as the physical and
emotional domain scores of quality-of-life questionnaires.
The difference between functional performance and capac-
ity represents a patient’s reserve or the comfort zone in
which the patient lives.19 This interplay between perfor-
mance, capacity, and reserve is the functional status and
can be described by the NYHA/WHO functional class.

Progression in a patient’s NYHA/WHO functional class
(from class I through IV) characterizes his or her declining
comfort zone and the impact of debilitating symptoms on
daily life. Therefore, assigning functional class requires an
integration of a patient’s capacity and current performance,
both of which are influenced not only by cardiovascular
disease and comorbid conditions but also by personal, cul-
tural, and environmental factors that alter the patient’s (and
the clinician’s) perceptions and expectations.7 Because
functional class is a subjective tool, it is not surprising that
what is judged as “undue dyspnea” or even “ordinary activ-
ity” may differ widely among clinicians assessing NYHA/
WHO functional class.

The variation in functional class assessments that we
observed does not negate the value of the NYHA/WHO as
a prognostic tool.20 Although clinicians may differ in the
conclusions they draw regarding functional class, all clini-
cians, regardless of individual approach or numerical rank
assigned, likely aim to rank the most ill patients in more
advanced functional classes. Therefore, the potential con-
cern raised by the current findings is not whether patients
judged to be more ill by NYHA/WHO functional class
will indeed have worse outcomes than those judged to be
in a less severely impaired functional class. Rather, the
inconsistencies in the approach taken to functional class
assignment make it more difficult to compare results
across studies, to evaluate the meaning of changes in
functional class reported in response to therapy, and to
translate the results of clinical trials to the care of indi-
vidual patients.

Our study is limited by the lack of actual clinician-
patient interaction and the inability of clinicians to pose
questions they might ask in routine evaluations; thus, the
information available for determining functional class is
limited. The consistent distribution of functional class re-
sponses found in each of the evaluations and the clear
separation of clinicians into 2 groups that consistently
ranked patients in either higher or lower functional classes
suggest that, despite the inability to fully mimic the process
by which judgments are made in clinical practice, true
differences exist in the approaches taken. Indeed, the clus-
tering of “higher” and “lower” ratings suggests that sys-

tematic differences may exist. The participating clinicians
(and those involved in designing and choosing the 10 pa-
tients) may be viewed as having failed to adhere to the
“correct” approach in assessing NYHA/WHO functional
class (as defined by its original designers or by current
“expert opinion”). Our study was designed to ignore any
such “gold standard,” and thus none was defined. The
goal was not to assess whether clinicians arrived at “cor-
rect” answers but rather whether they arrived at the same
answers when determining functional class as they would
normally in clinical practice. We cannot confirm the self-
reported experience/expertise of participants in the evalua-
tion of PAH, although the consistent demographic reports
from the 2 participating groups suggest that we have cap-
tured a group representative of those with a concerted focus
in the care of patients with PAH. Finally, we cannot rule
out the possibility that the wide variation in responses
observed may have been due in part to careless or haphaz-
ard completion of functional class assessments by some
respondents.

Development of tools to promote a uniform approach to
NYHA/WHO functional classification would be an impor-
tant step in helping to standardize the clinical care of pa-
tients with PAH and in performing and interpreting clinical
research.2,21 An alternative means of assessing a patient’s
clinical status, such as an overall estimation of “higher” or
“lower” risk according to a combination of physiologic and
other variables (including a uniformly applied NYHA/
WHO functional class), might be similarly valuable.1 The
interrater reliability of any such method of evaluation
should be confirmed to achieve the goal of a standardized
approach to both clinical evaluation and research.

CONCLUSION

We observed a wide variation in the NYHA/WHO func-
tional class assignments made by both physicians and
nurses for descriptions of patients with PAH. Despite the
wide use of the NYHA/WHO functional class in clinical
care and as a research tool, interrater agreement may be
inadequate. Our findings further suggest potential sys-
tematic differences in clinicians’ approach, such that
some routinely rank patients in higher (or lower) func-
tional class than do other practitioners. Regardless of
whether a “correct” approach exists, the current study
suggests it is not being used in the application of func-
tional class assessment by many of those who provide
care to patients with PAH and perform PAH research.
Future studies involving direct patient (or simulated pa-
tient) interactions are justified to further assess differences
in clinicians’ approaches. Efforts to promote a uniform
approach of evaluating functional class or to identify more
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